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Tin'  Rotation  Structure  of  the  Kmi  so  i on 
Spectrum  of  tin*  Sulfur  Molecule  if, 

S . Weiring  Naud<* 


Summary  of  Con  ton  tr. 

The  emission  spectrum  of  tin'  S , molecule  was  recorded  with 

a Geissler  discharge  tube  at  the  third  and  fourth  order-  of  a 

o . 4 m I'aschen  grid.  In  the  fourth  order-,  the  dispersion  was 

0.87  X per-  mm.  The  analysis  of  the  following  bands,  wi  1 I be 

reported  here:  ( t . 1 4 ) at  44  3 3.0  X.  (2.17)  at  474y.o  X,  (3-17) 

at  4(0,1  . | K,  (3 . 1 d)  a t 4937.  2 K,  (4.1'>)  at  4842.2  X,  (4.22)  at 

430d.o  X,  (5 at  4103.7  K.  (S.’l)  at  ‘,359.7  X.  (o.23)  at 

‘>.'4o  .S  X.  (o.25)  at  559r.l  X,  (7-. ’4)  at  44 72.4  X,  (7-27)  at 

5840.2  X.  and  (8.27)  at  57f>o . o X.  in  the  stronger  bands,  three 

R b ranches  and  three  1’  branehey  were  discovered.  The  s true  turn' 

of  the  bands  is  entirely  analogous  to  that  of  the  Schumann- Runge 

0,  bands..  The  S,  bands,  are  to  be  attributed  to  a 3b”-*  )l”*t.ran- 
. . u y, 

sit-ion.  The  values  of  the  constants  8'  and  B"  are  0.22L0  and 

- 1 ° 

0.20 5o  cm  respectively.  The  nuclear  distance  ot  the  higher 

_ M _ — H 

state  is  r 2.180*10  cm  and  of  the  lower  state  r"  1. 803*10 
e e 

cm.  It  was  determined  that  the  rotation  levels  with  odd  K-values 
are  absent  in  the  upper  state,  and  those  with  even  quantum  num- 
ber's in  the  lower  state.  From  this  fact  it  can  be  concluded  that 
3 ' 

the  if  ’ atom  has  no  nuclear  spin. 


1.  Introduction 

Sulfur  is  charae teriv.ed  by  an  extended  emission  spectrum  of 
the  S „ molecule,  which  stretches  from  ('200  to  2400  X.  The  vibra- 
tional structure  of  this  spectral  system  has  already  been  the 

subject  of  a number  of  studies,  for  example  by  Rosen  ' , Christy 

' ) } ) . 
and  Nandi*  ’ , and  by  Fowler  and  Vaidya  . Christy  and  Naudf  found 

that  the  vibration  differences  of  the  higher  state  of  the  s, 

molecule  or  the  * values  are  signifi  cant-ly  distorted  (see  Table 

1 1.  This  result  was  confirmed  by  Fowler  and  Vaidya.  They  were 

able  through  intensive  study  of  the  flame  spectrum  of  OS  , to  con- 

due  t a more  thorough  vibrational  analysis  of  the  8 , bands,  and 


1 
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Table  L is  based  on  their  efforts. 


Table  L : A;'  values  of  the  bands 

v’  0 L 23456789  LO 

447  415  433  397  417  368  402  39!  383  379  cm"1 

(The  table  is  to  be  read  as  follows:  Ad’  between  v*  0 and  v'  1 
is  447  cm" 1 , etc . ) 

From  the  irregular  behavior  of  the  £0 ' values,  large  dis- 
turbances in  the  rotational  structure  of  the  bands  are  to  be 

4 ) . . . . „ 

expected.  Olsson  succeeded  m obtaining  a satisfactory  ro- 
tational analysis  of  the  (1.4),  (2.4),  (L.3).  (2.3).  (3*3).  (2.2) 
and  (3.2)  bands  in  absorption.  From  this  work,  it  could  already 
be  seen  that  the  disturbances  of  the  All'  values  also  have  an 
effect  on  the  rotational  structure.  However,  it  is  not  possible 
to  investigate  the  disturbances  of  the  rotation  structure  pre- 
cisely in  absorption,  since  it  is  impossible  to  obtain  precise 
measurements  of  the  lines  in  the  vicinity  of  the  band  head.  For 
this  reason  the  rotation  analysis  of  the  ( 1 . 1 4 ) , (1.15),  (2.1b), 

(2.17),  (3,17),  (3-18)  and  (3*19)  bands  was  undertaken  in  emis- 

5 ) • • 

si  on  by  Naud£  ' . This  work  also  served  to  confirm  the  vibration 

analysis  of  Fowler  and  Vaidya  and  the  rotation  analysis  of  Olsson. 

In  this  work  ’)  many  unexplained  observations  arose,  no 
doubt  associated  with  the  disturbed  A;’  values.  In  order  to 
clarify  these  phenomena,  the  (4.19).  (4.22),  (5.22),  (5*23).  (r.2J), 
(6.25),  (7.25),  (7.27)  and  (8.27)  bands  wore  also  analyzed.  Al- 
though the  disturbances  have  not  yet  been  explained,  it.  neverthe- 
less seems  important  that  the  results  obtained  be  published,  so 
that  the  puzzling  disturbances  in  the  0,,  bands  may  be  tracked 
down.  Because  the  work  cited  is  not  very  accessible,  the  data 
of  the  (1.1.4),  (2.17),  (3.17)  and  (3-16)  bands  will  be  reviewed, 
and  the  AoF|  , A,F1  and  will  be  compared  with  those  of  Olsson. 
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The  (l,l4),  (2.171  and  (j.17)  bands  were  pho tographod  on 
Kan tman- Kodak  No.  It  platen,  whi le  the  other  bands  were  recorded 
on  Kan  tman- Kodak  No.  11  IK  platen.  The  platen  were  2 " x 1 8 " and 
about  1 mm  thick.  With  the  No.  H platen,  a half-minute  exposure 
of  the  iron  arc  spectrum  an  reference  spectrum  wan  sufficient, 
but  with  the  11  IK  platen  the  exposure  of  the  reference  spec t rum 
had  to  be  extended  to  one  minute.  In  the  regi on  above  V'00  X, 
neon  wan  also  used  as  a reference  spectrum.  It  wan  possible  for 
the  neon  to  be  introduced  to  the  discharge  tube  before  the  sulfur 
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possible  to  mt';uuire  the  sharp  linos  to  a precision  of  0.001  mm. 
In  tho  fourth  ordor,  whero  tho  dispersion  of  the  gri  d was  about 
0.57  X pot*  mm,  tho  wavelengths  of  tho  linos  could  thus  bo  deter- 
mined to  a precision  of  0.00L  X.  This  would  mean  a precision  of 
about  0.003  cm  for  tho  wave  numbers.  However,  since  with  the 
large  dispersion  a number  of  linos  wore  double  or  fussy,  a pre- 
cision of  only  0,01  cm  has  been  relied  upon. 

The  wavelengths  of  tho  reference  spectra  wore  drawn 
"M.T.T.  Wavelength  Tables  (1030}"  compiled  by  Harrison. 
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The  wave  number;',  of  the  epee  teal  liner,  were  ea  leu  la  ted 
aeeerdi  np.  to  the  following,  method;  for  the  measurement  of  eaeh 
band,  three  measurement  liner,  were  chosen,  one  of  which  lay 
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Table  2:  Wave  numbers  of  lines  of  the  (l.l4)  band 
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40,43(1) 

41,03  (4)* 

35,03  (If)  ; 

36,84(1) 

13 

50,37  (2)* 

44,12(2) 
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Table  10:  Wave  numbers  of  lines  of  the  (6.23)  band 
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Table  11:  Wave  numbers  of  lines  of  the  (6.25)  band 
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Figure  is  an  extract  from  the  (l.l4)  band.  The  six 
branches  making;  up  the  band  are  marked. 


The  rotation  Levels  of  the  31  states  follow  the  formula 


F.  B K(K+L  )'fi  (K,.T-K)  + D Kfc(K+l  )* •* . . . 


(I 


where  f and  D are  the  rotation  constants  and  .1  the  annular  mo- 
v v 

men  turn  quantum  number  with  the  values  ,1  - ( K-tS  ) , ( K + S-l  ),...,  (K-S). 
S is  the  spin  quantum  number.  For  a triplet,  S I,  and  thus  ,1 
(K*l),K,or  (K-l).  because  of  the  three  values  of  , we  should 
have  three  energy  states  lying  close  together  for  each  value  of 

, t*' A/*  /; 

K.  These  energy  states  are  designated  with  F, . F0 , and  F~ , a>or- 

...  i. 

rc.spmn.tLng-  respectively  with  ,1  Kd  , ,l  K,  and  J K-l.  For  more 

o \ 

details,  see  Mu  111  ken  . 

Kramers  ^ showed  that  for  ^ states  f. (K,J-K)  consists  of 
two  parts,  one  of  which  is  to  be  ascribed  to  the  interaction  of 
tin'  spin  of  the  electron  with  the  angular  momentum,  and  is  given 
by  : 

!y  | J(J  >1  ) - K ( K ♦ L )-5(S-U  ) | j y | ,l(J  + l )-K(K*l  )-2  | (2' 

and  the  other  is  to  be  ascribed  to  the  interaction  of  the  indi- 
vidual electron  spins,  and  is  indicated  by  w^K(J-K).  f-(k,.i-K) 
t here  fore  becomes 


f.  K(,T-K)  ,'y[  J ( J + l )-K(K+l  )-2  [tWj  (K.J-K). 


(3) 


13 


A 


Kramers  showed  further  that  w^(K,.T-K)  has  the  following 


values  for 

the 

three  states: 

for  J 

K + l 

, w(  -E[  l-3/(2K+3)  ] 

(4) 

for  ,T 

K-l 

. Wj  -t[  1 +3/  (2K-1  ) ] 

(5) 

and  for 

J K 

, w,  +2 1 . 

(6) 

From 

the 

combination  of  equations  (3).  (4), 

(5)  and 

obtained : 

for  J 

K+l 

, f,  -£[  l-3/(2K+3)  1+yK 

(7) 

for  J 

-K-l 

, fj  -1 | 1 - 3/ ( 2 K - 1 ) 1 -y (K+l  ) 

(8) 

and  for 

J K 

, f0-2£-y  . 

(9) 

We  now  form 

A,F-(K)  Ri(K)-Pi(K)  p:  (k+l)-f;(k-d  . UO) 

If  the  f,  are  substituted  in  (1)  and  the  expressions  in  £/ K at* 
ignored  for  larger  values  of  K,  since  £ is  usually  small,  the 
result  is: 


for  J--  K+l  , 

4>F{(K)  2(p;  + 2DMy)^4(lV  0D;)KU2D;KJ+8IVK3 


for  J=K-1, 


Ag F3 (K)  2 ( B^+2 D^-y ) +4 ( 3D^ ) K+l 2D;K2  +8 IV  K ' 

and  for  ,T  K , 

^Fo(K)  2U^  + 2D^)  + 4(IV +3IV  )K+12LVir+8lV  K3  . 


(U  ) 
(12) 

(13) 


For  the  lower  electron  state, 

A,Fy(K)  Ri(K+l  )-Pi  ( K-l  ) F’.' (K+l  )-F"  (K-l  ) 


( 1 4 ) 


has  the  same  form  as  (11),  (12)  and  (13)-  It  is  only  necessary 
that  ( ' ) be  replaced  by  ("). 


In  Tables  l 5a  and  15b,  the  A,F?(K)  values  are  given  for  v’ 
1,2,3  and  4 and  for  v'  5.t'.7  and  8,  respectively.  In  Tables  lba, 
1 6b  and  in  1 7a,  17b  are  given  the  corresponding  ^FA(K)  and 
A,F1(K)  values.  For  v'  1 , 2 and  3.  the  &,Fj(K)  values  are  com- 
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rj/j‘3 

| 1 2,99 

12,90 

12,89 

12,91 

1 12,01 

]7 

14,70 

; 14,72 

14,07 

14,01 

14,03 

14,03 

; i4,2i 

1!) 

18.39  ! 

lli,  43 

1 10,25 

10,27 

16,33 

l 10,28 

15,00 

21 

18,o7 

18,11 

1 7,90 

17,93 

17,91 

i 17,97 

10,45 

23 

19,80  I 

19,70 

19,51 

19,49 

19,57 

19,57 

1 9,0*2 

25  1 

21,47  | 

21.49 

21,08 

21,14 

21,10 

21,18 

20,03 

-■  i 

23,19 

23,22 

22,08 

22,70 

22,77 

22,79  1 

— 

29  1 

24.93  | 

24,93 

24,19 

24,25 

24,34 

24,34  j 

I 

31 

20,05 

20,08 

25,07 

25,7*2 

25.79  1 

25,75  | 



33 

28,32 

28.34 

27,08 

27,11 

1 | 

- ; 

— 

' 35  | 

30,07 

30,03 

28,44 

28,49 

1 

— 

37 

31,72 

31,71 

29,74 

29,75 

— 

— 

— 

39 

33,41 

33,39 

30,94 

30,91 

— 

— 

— 

41 

34,89 

34,91 

32,04 

— 

— 

43 

35,83 

35,84 

33.04 

— 

— 1 

I 

15 

— 

— 

34,00 

— 

4 * 

— 

— 

35,18 

— 

1 

— 

— 

in 



— 

30,29 

— 

— 

— 

— 

M ' 

— 

— 

37,10  j 

— | 

— 

— 

Table  l?a:  The  Ani-’^OO  values  of  the  vibration  level  with  v*  1,2, 
.u'HK)  y,(K  + i\  y,  (-- 1)  «,(M- 

I r'  ° • 4 


A 

’’  - 

(1.14) 

l 

Olsson 

(2,17) 

( llsson 

(3.17) 

(3,19) 

Olimon 

t4.1l«> 

(4.22) 

5 

4,53 

4,08 



— 

— 

7 

O.M 

— 

1 

— 

5,82 

u 

1.81 



— 

— 

7,70 

— 

— 

11 

9,59 



— 

— 

9.38 

— 

— 

— 

13 

11,40 



— 

— 

11,15 

11. U 

— 

11.SP 

11.90 

15 

13,15 

— 

— 

— 

12.83 

'12,88 

12.84 

I!  • 

17 

14.92 

15.10 

— 

14.58 

' -Vo 

14,00 

14,8 

' . 

19 

10.72 

1 l*,0  A 

10,89 

— 

10.38 

16,36 

16,37 

16,46 

21 

18.41 

18,41 

18,00 

— 

18.14 

18,08 

18,11 

18.26 

18,23 

23 

20,00 

20,10 

20.39 

20,33 

19.80 

19.82 

20,14 

19.97 

1«),<>3 

25 

21,86 

21,81 

22,12 

•>•>  m; 

21,58 

21,60 

-V’7 

21,47 

21.82 

27 

23.45 

23,39 

23,80 

23.87 

23,31 

23.37 

23,41 

23.25 

23,1*2 

29 

25.07 

25,13 

25,64 

25.55 

26,07 

25,04 

. 4 - 

‘24.82 

24.83 

si 

20,00 

20,73 

27.29 

27.3’. 

26,72 

26.77 

26.66 

2«i,70 

— 

33 

28,21 

28,21 

29,02 

28,98 

28,41 

28,45 

2s,42 

28.24 

— 

35 

29,70 

29,77 

30,74 

30,72 

30,08 

30,13 

90,04 

— 

— 

37 

31,25 

31,28 

32,40 

32.38 

31,75 

31,74 

— 

— 

39 

32.78 

32,75 

34,00 

34,05 

33,30 

333U 

33,58 

— 

— 

41 

84,32 

34,28 

35,72 

35.74 

34,82 

34.90 

34,83 

— 

— 

43 



37,29 

37.3(1 

36,25 

36.81 

— 

— 

45 



_ 

38,85 

38,90 

37,68 

37,08 

— 

— 

— 

47 

— 

— 

40,39 

40,35 

39,25 

39,07 

— 

— 

— 

49 



— 

41,83 

41.81 

— 

— 

— 

— 

— 

M 

— 

y.\  *v> 

43.21 

— 

— 

— 

— 

— 

53 

_ 

— 

44!?} 

44,50 

— 

— 

— 

— 

Table  1 7b : The  A,Pi(l\)  values  of  the  vibration  level  with  v’  - 

J 


tUl'i  (K)  » /’J  (K  -f-  l)  — (A  — 1)  #,(£)- 


K 

r'  - 5 

(5,22)  (5,22) 

K 

r' 

(5,2*2) 

'(6.22) 

K 

v* 

(5.2*2) 

* 5 
(5,22 1 

7 1 

5,78  1 — 

21 

17,78 

17,77 

35 

29,00 

29, '9 

9 : 

7.40 

23 

19.44 

19,46 

37 

30,43 

•V*>.  U 

11  1 

9,12  9.13 

25 

21,16 

21,09 

39 

31,77 

31,7*1 

13 

10,80  1 10,89  * 

27 

22,77 

22.85 

41 

33,04 

33,1m 

15 

12,01  12,03 

29 

24,39 

24,41 

43 

— 

31.42 

17  1 

14,29  14,32 

31 

26,97 

25,99 

45 

35,65 

3. 

19  1 

16,09  16,06 

33 

27,54 

27.49 

47 

37, U) 

37,09 

Table  18:  The  A,Pj'(K)  values  of  the  vibration  level  with  v"  17 


(A)  (A'  + 1>  — *7  (A'—  1)  A,  (A  — 1)  — (A  + 1) 


A 

-i,f; 

(2.17) 

(A) 

(3.17) 

.MY**) 

(2.17)  (3.17) 

.1,/Y  (A) 

(2.17)  I (3,17) 

1 

N_ 

5.58 

_ 



4.08 

0 



7,73 

— 

— 

— 

0,18 

8 



8,77 



9,15 

— 

8,3ii 

10 



11.33 

— 

11,25 



10,0' 

12 

13,80 

— 

13,41 

— 

12.95 

14 



10,00 

— 

15,65 

— 

14,90 

10 



17.97 

17,73 

17,08 

— 

17,14 

IS 



20,18 

19.83 

19,70 

19,37 

19,3,'t 

■JO 



22  28 

21,82 

21,85 

91,49 

21,55 

»>•> 



24130 

24,11 

24.02 

‘ *23,Gri 

23,09 

24 



20,43 

26,10 

20,18 

‘25,9*2 

25.3D 

•JO 



28,54 

28  34 

28,32 

*28,0*2 

27,90 

•JS 

30,03 

30.07 

• 30,44 

30,41 

30.17 

30,18 

30 

32,78 

32,80 

32,60 

32,50 

3*2,31 

32,33 

32 

34,89 

34,89 

34,70 

34.71 

34,48 

34.44 

34 

37,0* 

37.03 

30,70 

30,75 

30,05 

36,62 

30 

39,1*2 

39,10 

39,00 

38,90 

38,81 

38.75 

38 

41,21 

,41,22 

41,05 

41,08 

40,94 

40,91 

40 

43,30  ‘ 

43,31 

43,20 

43,20 

43.10 

43,09 

42 

45,47 

45.43 

45,30 

45,40 

45,18 

45.12 

44 

47,58 

47.50 

47,40 

47.41 

47,33 

47.22 

40 

49.71 

49.70 

49,65 

49,52 

49.45 

49,48 

48 

51.78 

61,78 

61,73 

51,00 

— 

51.79 

r>o 

53,85 

53,87 

53.84 

63,76 

— 

54.01 

62 

50,00 

33,97 

55.91 

60,03 

— 

50.17 

64 

68,10 

68,10 

38,0! 

58.13 

— 

— 

60 

00.21 

00,19 

00,17 

— 

— 

— 

68 

02,30 

02,30 

02,19 

— 

— 

— 

00 

04,42 

64.43 

04.30 

— 

— 

— 

02 

00.54 

00.52 

— 

— 

, — 

— 

04 

08,42 

— 

— 

— 

1 — 

00 

70.00 

— 

— . 

— 

— 

- 

Table  19:  The  (K)  values  of  the  vibration  level  with  v"  = 19 


j.* 

K i (3.19) 

(A) 

(4.19) 

* ' “ 1 V*“ 

-MS 

(3,19) 

'(A) 

1 (4.19) 

* 1 * , 

-U 

(3,19) 

1 1 1 

V (A) 

(4.19) 

'6  7,81 

— 

— 

— 

* 9,00 

— 

8,79 

9,14 



10  ’ 11,71 

11,75 

11,08 

11,14 





12  13,78 

— 

13,20 

13,10 

12,58 

12,63 

]4  16,77 

16,71 

15,31 

15.28 

14,77 

14,85 

t<;  17.89 

17,86 

17,45 

17,41 

10,90 

17.04 

if  19,90 

19.95 

19,64 

19,50 

19,07 

19,08 

,v  21,99 

21,94 

21,06 

21,61 

21,27 

21,29 

ft  24,00 

24,05 

23,76 

23,80 

23,38 

23.44 

it  26,10 

20,14 

26.80 

25,81 

25,49 

2M» 

20  , 28,22 

28,20 

27,91 

27,94 

27,67 

27,00 

•:>  i 30,30 

30,30 

30,09 

30,04 

29,7!' 

29,77 

>.  32,41 

32,37 

32,18 

32.18 

31,98 

31,98 

12  34,48 

34,48 

34,33 

34,30 

34,00 

34.11 

:t»  30,57 

30,57 

30,35 

36,40 

30,19 

30,1 1 

% 38,00 

38,05 

38,43 

38.43 

38,30 

38  40,72 

40,71 

40,59 

40,67 

-10,4 1 

tn  i 42,82 

42,79 

42,70 

42,60 

42,50 



42  1 44,91 

44,83 

44,82 

44,83 

14.07 



41  | 47.00 

40,95 

46,91 

- 

40,71 



40  , 49,00 

49,07 

49,00 

48,87 



48  i 51,21 

51,09 

51,09 



50,90 



1 53,27 

63,34 

63,16 



__ _ 

i 55,39 

— 

65,23 

M 57,35 

57,25 





10  ! 59.50 

_ 





V)  1 01,61 

— 

— 

— 

• 

— 
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Table  20 


o.l' 


the  vibration  level  with  v"  22 


s The  (K ) values 


' ,r,  (JC)>  (A'  + 1)->V  (Jf-  1)  Ki(K-  /',( A r 1) 

« r ' j ri  i r"  t k'\  i r-  . k‘\ 


K 

(4.22) 

(4,22) 

(5.221  | 

(4.22) 

(5,22) 

7„'>i 

0,1" 

*i 

— 

— 

— 

— 

10 

n. ao 

11,51 

10,88 

10,89 

— 

— 

12  1 

13,40 

13,43 

12,88 

12.38 

12,28  ! 

12,32 

14 

15, 

15,57 

15,03 

15,02 

14..V2 

14,47 

HI  i 

17,53 

17,53 

17.13 

17,15 

1(5,00 

10.50 

• s 

13,54 

19,50 

19.12 

13.19 

38,74 

18,75 

•>v  , 

21.68 

21.02 

21,28 

21.25 

2O>0 

20,80 

23.01 

23,66 

23.33 

23.31 

22,89 

22,94 

U 

25.68 

25,08 

25,39 

25.38 

25,12 

25,00 

27.75 

27,70 

27.43 

27.42 

27,21 

27,17 

•JS 

23.79 

23.77 

29.45 

29.49 

29,81 

29  21 

:\o  1 

31.78 

31.79 

31.52 

31.63 

31 '.20 

:u!30 

:v> 

33,73 

33,80 

33.66 

33.01 

— 

33,41 

:?4 

35,34 

35,87 

35,71 

35.7  4 

— 

35,47 

37.88 

37,30 

— 

37,(4 

— 

37.00 

< 

33337 

, 33,36 

- 

39.80 

— 

39.03 

4(* 

42.10 

42.07 

- 

41.91 

— 

41.77 

42 

43,35 

43,97 



43,93 

— 

— 

44 



40,08 

— 

40,02 

— 

45.92 

40  ; 



48,18 

— 

— 

— 

47.97 

4$ 

— 

5(',26 

— 

— 

— 

49,99 

aO  , 

— 

52.21 

— 

— 

— 

— 

y>  1 

— 

54.30 



— 

— 

— 

Table  21:  The  4oF£(K)  values  of  the  vibration  level  witli  v"  23 


A,v:  (A')  t=  F"  ( A-  + 


A' 

u.f; 

(5.23) 

' (A') 

(6,23) 

6 

7,30 

_ 

8 

9,31 

9,44 

10 

11.38 

11,44 

12 

13,44 

13,36 

14 

15,45 

16.52 

16 

17,45 

17,45 

18 

19,46 

19,53 

20 

21,51 

21,49 

22 

23,52 

23,46 

r 

24 

25,57 

26,69 

26 

27,68 

27,64 

28 

29,66 

29,49 

30 

31,62 

31,03 

32 

33,05 

33,64 

34 

35,08 

36,71 

36 

37,74 

37,72 

38 

39,74 

39,76 

40 

41.76 

41,78 

42 

43,77 

43,80 

44 

45,83 

46,83 

40 

47.95 

47,93 

48 

49,91 

49,90 

50 

51.86 

— 

52 

63,97 

(A'-l)=  Kl  (K  — 1)  — 1%  (A'  + 1) 


A) 


(6.23) 

(6.23) 



6,74 

— 

8,71 

10,84 

10.83 

12,89 

12,97 

14,92 

14,90 

17,01 

17,03 

19,08 

10,96 

21,14 

21,13 

23,20 

23,16 

25,20 

26.20 

27,27 

27,24 

29,34 

29,36 

31,41 

31,37 

33,40 

33,38 

36,48 

36,46 

37,40 

37,48 

39,60 

39,62 

41,63 

41,62 

43.69 

43.02 

46,74 

46,07 

— 

47.09 

— 

4)1,89 

— 

61,78 

— 

— 

W(K) 

(5.23i 


10,17 

12,20 

14,33 

10,61 

18,59 

ao.iix 

OO  j,  ' 


27,03 

29.05 

31,00 
33,1,-. 
35, 28 

37.32 
33,  to 
41,43 
43,1)1) 
45,63 

47.33 
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IV.  The  determination  of  the  K values  and  the  molecular  constants 

From  equations  (1),  (9)  and  (10)  it  follows  that 

dgFldO  F£(K+l)-F2(K-l) 

B^.(K+1  ) (K+2  ) + Dy  (K+l  )2(K+2)2-Bv(K-1  )K-D^(K-1  )2':2 

4B^(K+| )+8D^(K+' )3-  (15) 

Equation  (9)  was  chosen  here  because  in  it  f0  is  independent 
of  K and  therefore  vanishes  in  ApPf(K).  Since  D^.  is  usually  very 
small  in  comparison  to  IV.,  the  term  with  can  be  neglected  for 
smaller  values  of  K.  A similar  equation  also  holds  for  4oF"(.K). 

The  ^F^K)  values  of  Tables  15,  16  and  1?  and  the  Aj F£  ( K ) 
values  of  Tables  18,  19,  20,  21,  and  22  can  now  be  graphed  with 
respect  to  K.  From  the  slope  of  these  curves  it  is  possible  to 
compute  IV  for  the  vibration  levels  with  v’  1,  2,  3.  4,  5.  6,  7 
and  8 and  ET  for  the  vibration  levels  with  v"  17.  19.  22,  23,  25 
and  27.  From  Tables  2 and  3 can  also  be  drawn  the  AoF~(K)  values 

d d 

for  the  vibration  level  with  v"  14,  and  from  these  values  the  IV 

values  can  be  determined  as  above.  As  will  be  mentioned  again 

below,  every  other  line  of  the  branches  is  missing,  and  therefore 

the  graphically  determined  slope  according  to  equation  15  must  be 

divided  by  8 to  obtain  the  correct  value  of  B . These  values  of 

B’  and  B"  are  given  in  Table  24  together  with  BA.  BA  and  Ek  val- 
v v - 10)°  ' u 

ues  drawn  from  an  unpublished  work  by  Wilson  . An  extract  from 

this  work  was  most  generously  sent  to  me  by  Prof.  G.  Hersberg  of 
the  physics  department  of  the  University  of  Saskatchewan,  Saska- 
toon, Canada.  The  B^ , B^  and  B ^ values  given  in  Table  24  are  drawn 
from  the  work  of  Olsson.  The  B^ . B£  and  B^  values  given  by  Olsson 
are  0.2173.  0.2174  and  0.2176  cm  ^ . It  can  be  seen  from  this  that 
the  B|  value  of  Olsson  is  quite  different  from  that  calculated 
here.  Therefore  Olsson's  &,F\(K)  values  for  v'=l,  2 and  3 were 
entered  graphically,  and  the  values  of  B|  , B(,  and  B^  resulting 
from  this  are  given  in  Table  24. 
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I'M*'.'  ( \ ' 


r" 

K 

It r",  <\i'  und  i V 

.,7 

0,2503  x 

,(XXU  (Niuulo) 

— 

25 

0,2539  2- 

,0001 

24 

0,2550  ± 

.ixx'i 

— ■ 

23 

0.2508  x 

,(XX>1 

. 

•»o 

0.2589  ± 

,0001 

n» 

0,2033 

,IHK>1 

/A 

o,2i;;*  i 

.0001 

— 

17 

(1.2000  X 

,0002 

K 

(extra  poliort)  - 0,204/  cm  • 

111 

0.20M  ± 

.0001 

I • , 

— 

15 

0,2700  • 

,0001 

K 

= 0,2950  cm"1 

14 

0.2710  «• 

.0001 

— 

s 

0.28 10  f- 

.0002  (Wilson' 

rV 

1.833  x 10"*  era 

1 

0.2834 

.(XX '2  .. 

4 

(1,2883  ± ,0002  (Olsson' 

<*/ 

« 0,00 1C  cm"1 

3 

0.2800 

.0002  .. 

— 

0,2315  x 

.(XX'l 

IK 

— 19. (J  \ lO-*  cm"1 

r' 

ii-y 

/>'.  und  V, 

' 

0.2CS5  ~ ,(XXX>  (N and  8) 

0,2102  ± ,0001  .. 

0.2102  ± Mn'l 
0,2150  x 3XXU 
0,2120  •:  .000  Ifc).. 

0,2130 (Olsson  nilihgoroclinet) 
0.2175  ~ ,11001  (Nntidc)  , 2.5 
0,2177  (Olsson  n»chgorechnch 
(1,2205  ~ .(XX H (Xnudd)  ^0 
0,2200  (Olsson naohgcrcchnetl 
0.221  i ,IXH  (Wilson) 

v : ) i-'xl  PI! point  e. 


/f;  » 0.2210  cm-1 
r;  - 2.184  X 10-*  era 
0,0018  era"' 

/a;  = — 23. 1 x 10'*  era" 

r*  c 'ini  ut  ed. 


and  re  can  be  calculated  from  the  following  equations 


P 

t 

f 


(P0-Pv(/V 

P 4 'a 

o ' v 

27  , oo4 • L 0 

a P 


-40 


where  — 


1 


32  . Op  37 . Op  ‘ 


37. Op  was  taken  to  be  the  atomic  weight  of  the  most  common  isotop 
of  sulfur.  was  calculated  from  the  equation 

B l 

De  • 

0) 

o 

According  to  Wilson,  a>"  725.68r.01  cm  1 . It  is  impossible 

to  determine  cuj,  precisely,  because  of  the  distortions  in  the 

higher  state.  Following  the  analysis  of  Fowler  and  Vaidya.  Uj  \ 

_ ^ e 

can  be  assumed  to  be  about  435  cm 


The  precise  values 
alyo  be  determined  from 


of  the  rotation  quantum  numbers  K could 
the  curves  cited  above  by  extrapolation 
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of  the  curves  of  equation  (15)  to  A,Fp(K)  0.  If  the  K values 
are  correctly  correlated,  it  is  found  that  the  straight-line 
curve  intersects  the  K axis  at  K - It  can  be  seen  from  this 
that  the  rotation  levels  with  even  K values  are  absent  in  the 
lower  state,  while  the  odd  K values  are  missing  in  the  upper 
state.  i nee  every  other  level  is  absent,  the  conclusion  may 
be  drawn  that  the  atom  has  no  nuclear  spin. 


Similar  results  were  ob- 
tained for  the  Schumann-Runge 
bands  by  Ossenbruggen  and  by 

Lochte-Holtgroven  and  P.ieke, 

1 1 1 

Vulliken  showed  that  the  lower 

state  of  0,  was  in  all  probabil- 
ity a ” state.  From  this  it  is 
possible  to  conclude  that  the 
analogous  bands  are  to  be  as- 

cribed to  a “ *3l  ~ transition. 
Figure  1 gives  a schematic  repre- 
sentation of  the  S.-,  rotation  lev- 
els. 

V.  Discussion  of  results 
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Figure  3:  S.,  level  diagram 


From  Tables  l 5a , lea  and  l?a  it  can  be  seen  that  the  spec- 
tral branches  can  be  traced  to  lower  and  higher  quantum  numbers 
iii  emission  than  was  possible  in  the  absorption  analysis  of 
Olsson.  Furthermore,  the  A.F^K)  values  here  show  better  ag- 
reement than  the  values  drawn  from  the  work  of  Olsson,  which 
doubtless  stems  from  the  fact  that  the  lines  are  more  precisely 
measurable  in  emission  than  in  absorption. 


It  is  notable  that  the  branches  of  the  (0.17)  band  could 
not  be  traced  down  to  the  smaller  K values,  although  the  com- 
binations for  the  v"  17  level  were  known  precisely  from  the  an- 
alysis of  the  (i.17'1  band.  This  situation  must  probably  be  as- 
cribed to  distortions.  In  the  ;4.19)  and  ^4.22)  bands  the  K ^ 


and  I , branches  ar<  weak,  and  in  the  (6.23),  (6.25).  (7*25) 
and  (7*27)  bands  these  branches  could  not  be  found  at  all, 
while  in  the  (8.2?'  band  only  the  H.,  and  P0  branches  were 
found.  It  is  possible  that  these  irregularities  are  to  be 
ascribed  to  distortions,  and  are  connected  with  the  predis- 
sociation of  the  molecule.  According  to  Herzberg,  this 
predissociation  occurs  in  the  v'  10  level.  Initially  it  was 
also  a purpose  of  this  work  to  attempt  to  clarify  these  dis- 
turbances, and  in  fact  photographs  were  made,  measured  and 
investigated  of  the  (8.29)  and  (9*29)  bands,  but  with  no  fur- 
ther success  than  that  a few  lines  of  the  R0  and  P^  series 
were  found  in  the  (8.29)  band. 

The  experimental  portion  of  the  present  work  was  per- 
formed in  the  Merensky  Institute  of  Physics  at  the  University 
of  Stellenbosch  (South  Africa). 
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